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OQwt |@ QHD CQwY x@ q=@ CaQU u}@ QwO R= xO=iDU= =@ hrDNt sr}i |=yCt=N[ =@
|m} R}i X=wN =@ QDt|r}t xR=Ov= QO pwv=D= w ?; C=Q]k \wrNt R= "CiQo Q=Qk |UQQ@

w |wQW}B T=tD |=}=wR "OW xO=iDU= x}v=F Q@ QDt 5 =D 3 5 OQwNQ@ CaQU |=Q@ hrDNt
u=R}t C}a[w u}}aD |=Q@ sr}i hrDNt |=yCt=N[ w |tQv =@ Kw]U |Q@ R w |wQUB
OQwNQ@ |x_Lr R= |YNWt u=tR QO xm OW xOy=Wt "OW |Q}oxR=Ov= Kw]U |oOvwWQD
xm O=O u=Wv |@ QHD G}=Dv "CU= QDW}@ VW=B `=iDQ= 'sr}i QDW}@ Ct=N[ =@ K]U |=Q@

"OwW|t QHvt T=tD |x} w=R Ov=tUB V}=Ri= x@ wO Qy 'sr}i Ct=N[ w K]U |tQv V}=Ri=
"OQ=O VW=B sOa VW=B RQt Q@ |tm QF= K]U Ct=N[ w |tQv u}vJty
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VW=B pQDvm QO <=We |L]U VWm w OQwNQ@ CaQU xm OvDi=} QO =yv; "OvOQm
|xv}tR QO xOW s=Hv= C=ar=]t xm OyO|t u=Wv xO=U |UQQ@ l} "OQ=O Vkv
|tm O=OaD \ki u}vJty w OQ=O Q=Qk |}=OD@= pL=Qt QO Q}PBh=]av= w sQv Kw]U
VW=B xv=DU; QO Kw]U |DiU QF= x@ ẁ[wt C=}@O= QO OwHwt C=ar=]t R=
l}DUq= 10|=We |wQ `}=t |xQ]k l} VW=B |xv=DU; [19w18]"CU= xDN=OQB
u=Wv =yv; "OW |UQQ@ [18]u=Q=mty w QBB |xr}Uw x@ Q}eDt |=y|DiU CLD
xm |Qw] x@ &CU= xDiQo Q=Qk |DiU Q}F-=D CLD COW x@ VW=B Q=DiQ xm OvO=O
w =ow \UwD |k}kLD |oR=D x@ "OwW hkwDt Ov=wD|t |DiU Vy=m =@ VW=B
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CQwY |v=QL@ T=tD |x} w=R l} QO w wQW}B |x@r |wQ R= |Hwt CmQL l} =@
u}= sQv K]U |wQ xQ]k OQwNQ@ l}t=v}O |xv}tR QO C=k}kLD u}vJty "OQ}o|t
Vy=m xQ]k 14|v}Wv?ka 'K]U |tQv V}=Ri= =@ xm CN=U Q=mW; =Q Ck}kL
l}t=v}O |UQQ@ x@ |@ QHD CQwY x@ [25]u=Q=mty w 15|r}ovt [24]"O@=}|t
"OvDN=OQB 16 (PDMS) xu=Umwr}U pD}t}O|rB sQv K]U |wQ xQ]k OQwNQ@

|=yOv}=Qi R= |Q=}U@ QO |U=U= C}ty= |=Q=O K]U |wQ `}=t |xQ]k OQwNQ@
VW=B '1|QBU= j} Q] R= |yOVWwB =} =tUqB 'u=Wi= QywH A=J Q}_v |DavY
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l}t=v}OwtQD Q@ K]U |tQv QF= XwYN QO C=ar=]t [15w14]"CU= xOW RmQtDt
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[28]"?}mQD |m} R}i X=wN "1 pwOH
?; pwv=D= |vRw OYQO |L]U VWm |r=oJ CHRr

wt� (mN=m) (kg=m3) (mPa:s)

0 72 8 997 4 0 99
10 48 1 980 4 1 03
20 38 6 961 4 1 06
30 33 5 940 9 1 09
40 30 7 919 3 1 11
50 28 5 896 9 1 13
60 26 7 874 2 1 15
70 25 5 851 5 1 17
80 24 3 829 4 1 18
90 23 2 808 3 1 19
100 22 3 788 5 1 20

"Kw]U |R=U xO=t; \}=QW "2 pwOH
\}=QW Ct=N[ x}=B O=wt

|yOVWwB (�m) K]U (w : w)

1500rpm; 1 40� 3 xW}W 1%10 =D 1%40
min PDMS

7000rpm; 1 20� 4 xW}W 1%10 =D 1%40
min PDMS

1500rpm; 1 10� 2 xW}W PDMS� : Heptance

min 25%1

8000rpm,1 0=06� 0=005 xW}W PDMS:Hexane

min 1%100
PDMS 1:40 �

xDN} QlJwm hQ_l} pN=OhrDNt |vRw |=yC@Uv =@ PDMS pwrLt R= 5gr
TBU "OwW|t xO=O 26Ow@y@ 800C |=tO QO j=H= QO Ca=U 4 OwOL w xOW

"OwQ|t Q=m x@ V}=tR; |=Q@ w xOW xO} Q@ 20mm pw] =@ |a@ Qt Kw]U
TBU w xOW R}tD pwv=D= =@ 20 � 20mm2 |}xW}W |=yO}qU= %lR=v Kw]U
|=yC@Uv =@ PDMS pwrLt "OvwW|t lWN pt=m Qw] x@ =wy Q=Wi |xr}Uw x@
1500�u}@VNQJCaQU =@|}xW}W|=yO}qU= Q@ Qtwvwt/xOvyOp=YD=hrDNt
xO=iDU= OQwt sr}iCt=N[ pQDvm |=Q@ xk}kO 2 =D 1 u}@ u=tR COt QO 8000rpm
RwQxv=@Wl} QO 800C |=tO =@|k=H= QO xOW xDN=U |=yxvwtvTBU "OQ}o|t Q=Qk
Qw] x@ uwQm}t 40 =D 20 Ct=N[ =@ |=ysr}i 'VwQ u}= =@ "OwW|t xO=O Ow@y@
Qw_vt x@ "OvwW|t xDN=U OYQO 1 R= QDsm h=QLv= =@ K]U |wQ Q@ CN=wvm}
xO=iDU= PDMS pwrLt uOQm j}kQ |=Q@ u=Roy w u=DBy R= 'QDlR=v |=ysr}i uDN=U
x@ VwQ u}= R= xO=iDU= =@ R}v QDtwv=v 60 w uwQm}t 10 Ct=N[ wO [29]"OwW|t
xOW |Q}oxR=Ov= |=yxO=O w |R=UxO=t; VwQ R= |QYDNt KQW [30]"O};|t CUO

"CU= xOt; 3 w 2 pw=OH QO j}kLD u}= QO
|�RH C=Q}}eD QF= R= w xOW s=Hv= O=Qo|Dv=U xHQO 20 C@=F |=tO QO =yV}=tR;

V}=tR; w OQm|t Q}}eD x}v=F Q@ QDt 3 7 =D 1 7 R= =yv; OQwNQ@ CaQU |xOwOLt
Ow@ u}= =yv; |=yxDi=} xrtH R= "CiQo CQwY 3mm Ct=N[ =@ K]U |wQ =yv;
u=Uwv u=tR 'QDtm |tQv =@ Kw]U x@ C@Uv sQv K]U |wQ xQ]k OQwNQ@ QO xm

"O@=}|t Vy=m |yHwD p@=k Qw] x@ xQ]k
u}= sQv Kw]U |wQ xQ]k OQwNQ@ |xv}tR QO xOW s=Hv= C=k}kLD x@ |y=ov =@ =t=
Q=Qk xHwD OQwt QDtm xQ]k VW=B QO sr}i Ct=N[ QF= xm OwW|t Q=mW; Ck}kL
QO Q[=L j}kLD QO xQ]k OQwNQ@ QO sm =L Oa@|@ O=Oa= |xawtHt "CU= xDiQo

%CU= xOt; 1 |x]@=Q
We = �V 20 d0

�
; Re = �V0d0

�
; Oh = �p

��d0
(1)

d0 "OvDUy `}=t |L]U VWm w CHRr '|r=oJ ?}DQD x@ � w � '� u; QO xm
x@ Oh w Re 'We "OvDUy OQwNQ@ R= V}B xQ]k CaQU w Q]k ?}DQD x@ V0 w

"OvyO|t u=Wv =Q 18nQwRvw= OOa w ROrwv} Q OOa '17Q@ w OOa ?}DQD
sQv Kw]U |wQ Q@ xQ]kVW=B |@=} RQ= x@ xmCU= |@ QHD j}kLDl} Q[=L Q=m
Q@ K]U |tQv w |L]U VWm QF= |UQQ@ |=Q@ "OR=OQB|t =yu=Umwr}U pD}t}O |rB
K]U |wQ ?;/pwv=D=hrDNt |=yOYQO =@ `}=t R= 'OQwNQ@l}t=v}O w VW=B xO}OB
QO xr=kt u}= QDW}@ O}m -=D 'Ck}kL QO "OW xO=iDU= sr}i hrDNt |=yCt=N[ =@
|=yCt=N[ |wQ |m} R}i X=wN R= |a}Uw ẁvD QO xQ]k VW=B |@ QHD |UQQ@

"CU= xOw@ QDtwv=v =D QDt|r}t R= PDMS K]U hrDNt

V}=tR; C=R}yHD w |@ QHD VwQ "2
V}=tR; O=wt "1"2

20xOvyO p=YD= w �x}=B� 19Qtwvwt R= |rwrLt xm PDMS |xO=t R= sQv Kw]U
C@Uv pQDvm =@ u=wD|t =Q PDMS |WQ@ pwOt "OW xDN=U �xOvyO Ow@y@ pt=a�
|=yC@Uv R= j}kLD u}= |=yV}=tR; QO "OQm s}_vD xOvyO p=YD= w Qtwvwt sQH
xO=iDU= �xOvyO p=YD= %Qtwvwt w=w '|vRw C@Uv� 1%40 w 1%30 '1%20 '1%10
K]U x@ 40kPa xm CU= 510kPa =D 40 u}@=t Kw]U jGj 21|WQ@ pwOt "OW

[26]"OQ=O X=YDN= 1%10 CNU K]U x@ 510kPa w 1%40 sQv
|xar=]t |=Q@ 22|DN=vWCU} R |=yV}=tR; QO QDW}@ 'sQv Q}PBh=]av= Kw]U
x@ "PDMS [27]OwQ|t Q=m x@ pwrU lQLD w =ypwrU 23|RmQt Cq=YD= Cq}mWD
?wULt p;xO}= sQv Kw]U xrtH R= x}yD CrwyU w |DN=vWCU} R |Q=oR=U Cra
R= xm nv=} pwOt hrDNt Q}O=kt =@ Kw]U |x}yD |=Q@ xS} w x@PDMS OwW|t
=@ sQv lR=v Kw]U 'Q[=L j}kLD QO "OQ=O OQ@ Q=m 'Ov=syt |m} Swrw} R}i ^=Lr
|xr}Uw x@ �xOvyO Ow@y@ pt=a� xOvyOp=YD= w x}=B� Qtwvwt pwrLt l} R= xO=iDU=
|xD}U}DUq= pwOt "OwW|t xDN=U 24 PDMS VNQJ j} Q] R= |yOVWwB
|UQQ@ |=Q@ "OQm pQDvm xOvyO p=YD= w Qtwvwt C@Uv Q}}eD =@ u=wD|t =Q PDMS

Q=m x@ pwrLt |=Q@ "OW s=Hv= pwv=D=/?; R= |Dw=iDt |=ypwrLt QO =yV}=tR; 'QD`t=H
|xOwOLt QO CHRr w 72=5� 228mN=m |xwOLt QO |L]U VWm 'xDiQ
QO pYit Qw] x@ xDiQ Q=m x@ pwrLt X=wN "Ovm|t Q}}eD 1=2mPa:s =D 0 99

"CU= xOt; 1 pwOH

V}=tR; Kw]U CN=U "2"2
'�Ct=N[2=5�0=02mm OwOL� 25s}N[Kw]UuDN=U|=Q@ %s}N[Kw]U
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VNB Cr=L QO ' d0 Q]k =@ OQwNQ@ R= V}B ?}DQD x@ u}}=B x@ q=@ R= xQ]k "2 pmW
"pO=aD Cr=L QO w pmW |H=D VW=B =@ x=Qty

"pO=aD p=L QO xQ]k l} T=tD |x} w=R "3 pmW

Kw]U X=wN "4"2
29T=tD |x} w=R Ov=tUB "1"4"2

OwHw p}rO x@ 'OQ}o|t Q=Qk Ot=H K]U =@ T=tD QO `}=t |xQ]k l} xm |t=ovy
"OwW|t VNB K]U |wQ 'R=o w Ot=H '`}=t lQDWt K]U |=y|SQv= u}@ C@=kQ
OwHw sy CQw=Ht QO R=o w Ot=H '`}=t R=i xU '|oOvwWQD |xO}OB QO xm =Hv; R=
h} QaD �s1 `}=t Ot=H w �sg R=o Ot=H '� R=o/`}=t |L]U |SQv= ẁv xU 'OQ=O
K]U 'OQ}o|t Q=Qk Ot=H K]U =@ T=tD QO `}=t |xQ]k l} xm |t=ovy "OwW|t
`}=t |xQ]k u; QO xm |}x} w=R &OyO|t |wQm lyqm l} p}mWD R=o/`}=t lQDWt
xm CU= hwQat 30nv=} |x} w=R =} �e |rO=aD T=tD |x} w=R x@ 'OUQ|t K]U x@
\@DQt |L]U |=y|SQv= =@ '[31]nv=} |xrO=at x@ hwQat '2 |x]@=Q |xr}Uw x@

%�3 pmW� CU=
�cos�e = �sg � �s1 (2)

^=Lr R= w h=Y 'Q=wty Kw]U |wQ Vv=Qo QF= R= uOQm Q_vhQY =@ nv=} |x]@=Q
"CU= Q=QkQ@ uoty |}=}t}W

x@ xm OQm |Q}oxR=Ov= =Q T=tD |x} w=R |m}t=v}O Cr=L QO u=wD|t u}vJty
T=tD \N 'T=tD |x} w=R Ov=tUB Cra x@ "CU= hwQat �|m}t=v}O T=tD |x} w=R�
CmQL `}=t w =wy CyH wO QO ?}DQD x@ wQUB w wQW}B Cw=iDt T=tD |=}=wR =@
xQ]k VNB u}L =Q xOt; OwHw x@ |m}t=v}O T=tD |x} w=R '4 pmW j@=]t "Ovm|t
u}L w '(�a) |wQW}B T=tD |x} w=R �=wy CtU x@ T=tD \N CmQL� K]U |wQ
|wQUB T=tD |x} w=R '�`}=t R=i CtU x@ T=tD \N CmQL� xQ]k uOW `tH

"j}kLD u}= QO xOW |Q}oxR=Ov= |=yxvwtv "3 pwOH
sr}i Ct=N[ (mk=s) OQwNQ@ CaQU

2=5mm;40�m 5� 0=05;
10�m� ,60nm
20�m�;10�m 4=3� 0=05
20�m�;10�m 3=5� 0=04

"CU= xOW xDN=U PDMS1 : 40 R= =yvD 10�m sr}i Ct=N[ �

"V}=tR; x=oDUO "1 pmW

|wQ Q@ ROrwv} Q OOa QF= |UQQ@ |=Q@ "CU= xOW Q_vhQY Qo}O |=yQDt=Q=B Q@ =tO
xOW xDiQo Q_v QO hrDNt OQwNQ@ |=yCaQU 'VW=B xO}OB w OQwNQ@ l}t=v}O

"CU=

V}=tR; x=oDUO "3"2
Q@ Tma 30000 MQv =@ pUm}B 240 � 576 =@ CCD |q=@ CaQU u}@ QwO
CyH QO u}@ QwO "CiQo Q=Qk xO=iDU= OQwt OQwNQ@ Ov}=Qi \@[ |=Q@ �fps� x}v=F
OQwNQ@ Ov}=Qi R= ji= x@ C@Uv xHQO 15 |x} w=R =@ w xDW=O Q=Qk Qwv `@vt p@=kt
p=UQ= xv=}=Q x@ QDW}@ VR=OQB |=Q@ u}@ QwO\UwD xOW\@[ Q} w=YD "OQ}o|tTma

"CU= xOW xO=O u=Wv 1 pmW QO V}=tR; x=oDUO R= |Q} wYD "OwW|t
OvOw@ pwv=D=/?; pwrLt hrDNt |=yC_re 'V}=tR; QO xDiQ Q=m x@ `}=t
xOW |] |xrY=i s}UkD j} Q] R= K]U =@ OQwNQ@ |=yCaQU "�pwv=D= �100�0�
xOW |QBU u=tR Q@ Ovvm OQwNQ@ K]U x@ xm u}= R= p@k |r=wDt Q} wYD wO QO
VR=OQB w 27Q=mOwNMATLAB sD} Qwor= l} R= xO=iDU= =@ "CU= xOW x@U=Lt
|=Q@ xQ]k Q]k "OwW|t x@U=Lt R=}v OQwt |=yC}tm Qo}O w VNB Q]k '28Q} wYD
x@ Q} wYD T=}kt w xQ]k Q} wYD pUm}B O=OaD j} Q] R= 'ROrwv} Q OOa |x@U=Lt
"OwW|t s=Hv= Q=@ Q=yJ V}=tR; Qy '|Q}PB Q=QmD |UQQ@ Qw_vt x@ "CU= xOt; CUO
xOW xO=O u=Wv 2 pmW QO K]U Q@ xQ]k OQwNQ@ hrDNt pL=Qt R= |Q} w=YD

"CU=
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"K]U sr}i Ct=N[ ?ULQ@ T=tD |x}w=R Ov=tUB "6 pmW

40=mumlR=v sr}i =@K]U w 2 5mmCt=N[ =@K]Uu}ov=}t|Q@ R "7 pmW
"hrDNt |vRw |=yC@Uv |=Q@

xm OyO|t u=Wv 7 pmW QO CkO "Ovm|t x}HwD �6 pmW� lR=v Kw]U x@ C@Uv
C@Uv V}=Ri=� K]U |tQv V}=Ri= =@ 'lR=v w s}N[ K]U ẁv wO R= s=Om Qy |=Q@
|tQv V}=Ri= =@ Ov=tUB '5 Q=Owtv j@] Qo}O hQ] R= "O@=}|t Vy=m |Q@ R '�|vRw
Kw]U |Q@ R V}=Ri= =@ s}v=O|t xm CU= |r=L QO u}= "CU= xDi=} V}=Ri= 'K]U
Kw]U |wQ xm OUQ|t Q_v x@ u}=Q@=v@ "O@=}|t V}=Ri= T=tD |x} w=R Ov=tUB '?rY
"OW=@ T=tD |x} w=R Ov=tUBV}=Ri= p}rO O}=@ K]U pmW Q}}eD Q}_v |Qo}O pt=a sQv

EL@ w G}=Dv "3
Q}oQO |=yQDt=Q=B |Q}oxR=Ov= j} Q] R= |oOvwWQD Ov}=Qi |@=} RQ= x@ 'VN@ u}= QO
CN=OQB s}y=wN Q@ w w ROrwv} Q O=Oa= R= |a}Uw |xRwL QO 'xQ]k OQwNQ@ QO
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6. Zhang and Basaran
7. surfactant
8. Xu
9. Pepper
10. membrane
11. Vega and Castrej+n-Pita
12. Weisensee
13. Karpitschka
14. retraction
15. Mangili
16. polydimethylsiloxane (PDMS)
17. weber number
18. Ohnesorge number
19. monomer (base)

20. cross-linker (curing agent)
21. shear moduli
22. biological
23. focal adhesions
24. Spin-coating
25. thick
26. cured
27. self-programmed MATLAB
28. image processing
29. contact angle hysteresis (CAH)
30. Young
31. pro�le analysis tensiometer PAT-01
32. dewetting phase
33. recede
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